Background: C-reactive protein (CRP), neutrophil lymphocyte ratio (NLR), and platelet lymphocyte ratio (PLR) are associated with the prognosis of cardiovascular diseases such as coronary artery disease, acute myocardial infarction, and heart failure. However, their prognostic significance is unknown in the heart failure patients with implantable cardioverter defibrillator (ICD) devices.
Introduction
Implantable Cardioverter Defibrillator (ICD) therapy is a widely used type of treatment known to reduce mortality in the heart failure patients with New York Heart Association (NYHA) class II and III symptoms [1] . The most important advantage of ICD is reducing the mortality in high-risk patients with sudden cardiac arrest and cardiac disease [2] . Despite its positive effects on mortality, inappropriate ICD shocks are one of the most important complications of the treatment process [3] . They can be seen in approximately 14-29% of patients and constitutes 50% of ICD-related complications [4] . Inappropriate ICD shocks may be caused mainly by atrial fibrillation and rapid atrial arrhythmias, sinus tachycardia, lead detection problems, and noise in general. The constant prospect that the ICD will shock disturbs the quality of life by causing anxiety and stress in the patient [5] .
Leukocytes, or white blood cells and subgroups, are inflammatory markers and have prognostic value in cardiovascular disease [6] . Higher neutrophil levels have been associated with mortality and poor outcome in cardiovascular diseases [7] . It has been shown in recent years that the neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR) may be indicative of systemic inflammation and are associated with prognosis in cardiovascular diseases such as coronary artery disease, acute myocardial infarction, and heart failure, malignancies, and chronic inflammatory diseases [8] . It was also found that NLR and PLR are related with erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) [9] .
Heart failure patients with reduced ejection fraction (EF) carry a risk of developing malignant ventricular arrhythmias such as ventricular tachycardia (VT) and ventricular fibrillation (VF). ICDs may prevent sudden cardiac death due to these arrhythmias. In a study by Yücel et al. involving 58 heart failure patients with ICD, higher values of NLR were shown to be a strong predictor of appropriate ICD shock [10] . Although there was one study present in the literature on appropriate ICD shock, there were no studies evaluating inappropriate ICD shocks. This study aimed to determine the relationship between inappropriate ICD shocks and markers such as CRP, white blood cell count (WBC), platelet count (Tr), neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR), mean platelet volume (MPV) in patients with ICD.
Methods
This was a retrospective study where the data were obtained by scanning the 3-year records of 180 patients implanted with ICD due to heart failure diagnosis between 2011 and 2014. The patients were divided into two groups as ICD patients who received appropriate or inappropriate shock (n=60) and patients who received no shock (n=120). Patients' age, gender, and laboratory parameters (CRP, WBC, MPV, Platelet, Neutrophil, and Lymphocyte) were taken from their files. Patients with severe liver and renal failure, myocardial infarction within the last 6 months, hyperthyroidism, hypothyroidism, chronic obstructive pulmonary disease, malignancy, acute or chronic infection, and systemic inflammatory rheumatic disease were excluded. The NLR value was calculated by dividing the neutrophil count to the lymphocyte count; the PLR value was calculated by dividing the platelet count to the lymphocyte count. The CRP, WBC, MPV, Tr, NLR, and PLR values of both groups were compared. The necessary approval for the study was obtained from the local ethics committee. 
Statistical analysis
Statistical evaluation was done using the SPSS software (version 21.0) (IBM, SPSS, Chicago, IL, USA). Numerical data were presented as mean ± standard deviation; categorical data were presented as number and percentage.
Student's t-test was used to compare continuous variables from two independent groups. Chi-square (χ²) test was used for comparisons of categorical data from two independent groups. Statistical significance level was set at p<0.05. Receiver operating characteristic (ROC) curve was used to evaluate the markers' predictive power for ICD shock. The benchmark values for the definition of the best test in this method were set as follows: the sensitivity is 100%, the false positivity is 0 (1Specificity=0), the accuracy (area under the curve -AUC) is 1, and the diagnostic value of AUC is p<0.05.
Results
A total of 180 patients with congestive heart failure who had ICD were enrolled in the study; of these, 120 (66.7%)
had not experienced any shock during the 3-year follow-up period and 60 (33. Neutrophil lymphocyte ratio; PLR: Platelet lymphocyte ratio; n: Number of patients.
The p values <0.05 were considered statistically significant. Receiver operating characteristic (ROC) curve was used to calculate these values for the groups.
AUC
CRP: C-reactive protein; WBC: White blood cell; MPV: Mean platelet volume; NLR: Neutrophil lymphocyte ratio;
PLR: Platelet lymphocyte ratio; AUC: Area under the curve; CI: Confidence interval.
The p values <0.05 were considered statistically significant.
Discussion
This is the first study to evaluate the association between appropriate or inappropriate shocks and inflammatory markers in patients implanted with ICD due to heart failure. We have shown in this study that there is a relationship between high CRP values and ICD shock delivery. Our results suggested that NLR and PLR values are not related to appropriate or inappropriate ICD shock delivery.
Heart failure is a disease that causes significant morbidity and mortality. More than 50% of patients with heart failure die of dysrhythmia, primarily of ventricular tachyarrhythmia [11] . ICD therapy is a treatment method that reduces mortality in patients with sudden cardiac arrest and in high-risk patients with heart disease successfully applied to prevent ventricular arrhythmias [2] . Inappropriate ICD shocks are one of the most important complications and make the treatment process difficult for patients [3] . The most common causes for inappropriate ICD shocks are atrial fibrillation, supraventricular tachycardia, T-wave oversensing, lead malfunctions, and noise [5] . There is no study in the literature investigating the relationship between the delivery of appropriate or inappropriate ICD shocks and inflammatory markers. Our study has shown that patients who received appropriate or inappropriate shock during the 3-year follow-up of ICD implantation were older, mostly males, and had a higher incidence of hypertension and diabetes mellitus.
Neutrophils, lymphocytes, and platelets are the blood cells involved in the inflammatory process. NLR and PLR values are easily calculable and quite low-cost tests; the use of NLR is suggested as a new marker for systemic inflammation [12] . It has been observed that the NLR value may help in determining mortality in acute coronary syndrome and high NLR values are associated with increased mortality [12] . The PLR value is also an inflammatory marker as NLR and is used to indicate chronic inflammation. Azab et al. have shown that high PLR values increase mortality in patients who had myocardial infarction [13] . In another study, PLR was shown to be a better predictor of inflammation than NLR in patients with end-stage renal failure [14] .
Although high WBC, PLR, and NLR values were reported in literature to be useful as prognostic markers for cardiovascular disease and inflammation, we have found that these markers are not sufficient to predict appropriate or inappropriate ICD shocks [8, 13, 14] . Conversely, we have found that high CRP levels can be used as a better indicator for appropriate or inappropriate ICD shock, with 71.6% sensitivity and 89.1% specificity.
There are studies in the literature showing that inflammatory pathways may play a central role in the development of heart failure. An association between inflammatory cytokines such as CRP, interleukin-6, and TNF-α and the incidence of heart failure has been shown in these studies [15, 16] . Although there is no correlation between NLR, PLR, and WBC levels and shock delivery in our study, it can be said that CRP may be related to shock delivery.
Possible reason for this may be that age, hypertension, presence of diabetes mellitus, and elevated levels of CRP have an arrhythmogenic effect and may induce ICD shock delivery.
Our work has some limitations, the most important one being that it is a retrospective study and there were no control group. The lack of use of additional laboratory markers other than hemogram and CRP is another limitation.
